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AGC Techniques for WLAN RF Repeater 

Raekground and Problem Statemeirt 

Currently there is a great need to extend tiie range of w«el«ffllocal area netwwte. There 
are sev^ standard protocols that are becoming popular. TTiese »«<'l"d^ J 1 hom^^ 
RF and Bluetooth. The standard with the most commercial success to date is 802.111>. 
While the product specifications utilizing this standard commonly discuss data rates ot 11 
MBPS and ranges of 100 meters, these performance levels are rarely, if e^r exi«n«iced 
TOs due to attSmation of the radiation pafli of RF si^al, ^ically 2.4 GH^m.^ >jdoor 
enviromnent. Ranges experienced are generally less than the coveia^ of a hwne 
^may be as little as 10 to 15 meters. Further, in homes and busmesses wifli split floor 
riL OT constructed of some materials, the areas that the wireless coveia^ is needed 
SrbrD^Syseparatedbymorefliantherangeofthe802.Usystem. This is typical 
rr^b lSm^OT two stor? homes. Finafly. the dato rates of Jiese protojls^ 
dependent on the signal strength, and therefore this need for increased range is related to 
flie need for higher performance at an extended range. 

A way of increasmg the range of wireless systems is by the use of repeaters. ™s is a 
coZon practice in the mobile wireless industry One ^g^^'^^P^^^J?.^ 
receivers and transmitters operate at the same frequency for WLAN (8^.11). This is 
sSficantly different than for many cellular repeater s^e^ns w^re f 
Sit b^ds are separated by a deplexing frequency offset (18-136. IS-95, IS-200^ 
This make the repeater operation easier than is the case where the receiver and transmitter 
bands are the same. 

There are however cellular mobile systems that separate the receive and transimt 
Se^y ZrithcrlhanbyftequScy. These utilize schedul^ times for sp^c 
S/dowDlink transmissions. Repeaters for these system may be built as v^eU be«mse 
Z transmission and reception times are weU known and can be br«u|cast by a Im^ 
^^nie receiver and transmitter for tins type of a system by be isolated by ^ 
number of means including, physical separation, antenna pattern isolation, and 


TTie random packet nature of tiie WLAN protocols provides no defined receive and 
transmit period The packets form each node on tiie 

spontane^^ly. and are not predictable. A protocol is used to avoid two umtstim^^g 

their packets at tiie same time. This is referred to ^ ^^^Z^'IT'''^'^^ 
back-^protocol. For 802.11 tins is referred to as tiie dislnbuted coOTdm^cm fiinction 
(DCF). Repeaters intended for WLAN operation have unique co^traints due to the 
spontaneous transmission operation, and require a sohition umque to tins condition. 

Another unique requirement is tiiat since tiiese systems use tiie amie fiequency for 
receive and transit some form of isolation must exist between tiie receiver and flie 
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transmitter of the repeater. For CDMA systems, they employ direction antennas and 
physical separation of die receive and transmit antennas to achieve this isolation. This is 
: not practical for WLAN repeaters which need to be relatively small and low cost to allow 
for deployment in homes» offices, Wirel^ hotspots and another places. 


Pescription 

This invention solves the spontaneous transmission problem and the isolation of the 
transceivers with a unique frequency detection and translation method. The WLAKi 
repeater will allow two WLAN um*ts to conununicate by translating the packets from a 
first frequency chaimel used by one device to a second frequency channel used by a 
second device. The direction of the conversion from channel 1 to channel 2 verses from 
channel 2 to Channel 1 is dependent upon real time configuratioa The repeater monitors 
both channels for transmissions, then v/hzn a transmission on a channel is detected, the 
repeater is configured to translate the received signal to the other chaimeU where it is 
transmitted The details of this invention are described in detail in the figure descriptions 
that follow* 

This approach solves both the isolation issue, allowing a small inexpensive unit, and it 
solves the spontaneous transmission problem as it monitors and responds in reaction to • 
the transmissions. 

A key aspect of a WLAN repeater is that to be FCC compliant, it must transmit within 
FCC power and spectrum limitotions. This can be difficult as the received signal may 
have a widely varying power level, therefore to get the right signal transmit power a 
specialized AGC circuit is requited This invention provides detail into tte AGC 
techniques required to enable the frequency translating repealer. 

In the paneferred embodiment the wireless repeater shown is capable of receiving two 
different frequencies simultaneously, determining which one is present, translating frie 
frequency of the one that is present to the other frequency and retransmitting a frequency 
translated version of die received signal. Key features of the device are its ability receive 
a signal and translate the frequracy of die received signal with very litfle distortion of the 
signal. This is made possible by properly controlling the gain of the transceiver via a &st 
and accurate Automatic Gain Control (AGC) circuit 

A key enabler is the AGC technique utilizes RF delays to allow analog storage of 
received waveform while signal detection and teansmitter configuration takes place. This 
signal detection is used prior to the RF delay» and therefore provides time to p^oim die 
required confrguration for the system. In the preferred embodiment^ die detector power 
level is used to set the AGC on die parallel path. 

The architecture that allows this operation, performs AGC detection of power sensing on 
detector path, but applies the actual gain control on IF path. Referring to Figure 3 notice 
that the outputs from the Log Amplifiers are feed to AGC control circuits that are 
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adjusting either Variable Gain or Attenuation Control elements that are pait of the IF path 
that will be used for signal retransmission. 

The two separate detectors may be used for the detection of the presence of the signal and 
for the power level detection to set the AGC. Further, different detection and AGC filter 
bandwidths may be required as the detector may occur more slowly than the AGC loop. 
This could be necessaiy because it might be required to have the AGC control of the 
Variable control elements to have a faster or slower response tiian tbe output of the filters 
after the Log Amplifiers due to system requirements. 

Hie RF delays are implemented utilizing Sur&ce Acoustic Wave (SAW) filters to enable 
both analog signal storage and channel selections, jammer suppression, and a ""feed- 
forward" variable gain control jiath. The AGC **Set points" may be biased under micro- 
processor control from a look up table depending on which channel the signal is received 
on and which channel is selected for signal xetransmission. This is important as differCTi 
bands have different transmit power limitations in different countries. The set points may 
be driven by several factors resulting form meeting FCC specifications for that band 
tiiese may include: 

" Spectral le-growtfa 
■ EBRP 

Further, addition performance may be gained when the two channels are fiirther apart» 
and more transmit power may be allow and continue to meet performance requirements. 
The technique of adjusting the Set points based upon the fact that during signal 
retransmission if fte selected transmit frequency is &ther away in the fisquency then 
more filtering may be applied to the leakage signal coming back into the receiver thereby 
enabling more transmit power before significant self int^erence occurs. 

The Actual step of choosing which chaimels to operate on during initial repeater power 
up may be influenced by the choosing repeating channels based on the ability to transmit 
more power in different FCC bands or other regulatory bodies. As an example in the U- 
NH bands for the USA the maximum allow transmit power for CH36-48 is 50mW, for 
CH52-64 is 250mW, and for CH 149 - 161 is IW, Therefore it is possible to receive a 
signal in one of the lowor power bands and pick a different band that allows fairer 
transmit power thereby allow a higher AGC set point This would required fliat the set 
points for the F 1 to F2 AGC and the F2 to F 1 AGC be different 


Another important aspect of this invention is that the AGC may require AGC calibration 
during initial manu&cturing. This may be desirable to allow the use of lower tolerance 
parts to reduce cost, or for accuracy required for regional or band specific power settings. 
The calibration may include one or more of the following; regional regulatory rules» 
fi-equency channel, received power level, transmit power level, temperature, etc. 
The repeater would have a microprocessor to integrated to aid in storing calibration tables 
and to pass specific calibration values to the AGC control process or circuits (as a bias. 
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The micio»processor would utilize a digital to analog conversion process to control tiie 
set point 


As mentioned above, difiTerent detector out-puts may be used for the AGC detection and 
the signal detection process. The detection process may be performed in a analog only 
configumtion using a threshold comparator. The micro-processor may play a role in the 
detection process as well, as it can actively control the analog voltage the comparator is 
using as a reference, to make the detection decision. Alternatively the detector may be 
directly digitized and the detection decision may be made in an all digital fashion. One 
problem with using the digital path and the mirco-processor is that there is significant 
delay associated vritfa the digital sampling and decision making instructions in the micro. 
An alternative technique is to use the analog comparator with the micro-processor 
controlled threshold, and with a digital override to allow for a fast initial decision, but a 
slower more accurate and controllable final decision using the micro*processor. An 
example of this is when an interferer is being detected, and the microprocessor recognizes 
that the packet duration is longer than the wireless protocol will allow, it may force the 
AGC and or the detector to turn off tte output signal transmission, in this case, the AGC 
gain setting may be directly controlled and oveniddert This is usefid in a number of 
situation includhig when a system feed-back oscillation is detected. 


Fisnire 1 Description: 

Wide area connection 101 is connected to wureless ^teway (Access point) 100. 100 
sends RF signals to the client devices 104 and 105. In tiie preferred embodiment, these 
RF signals are IEEE 802.11 packets. Jn other embodiments they coiild be Bluetooth, 
Hyperlan, or other wireless commimication protocols. Two propagation paths to each of 
the client devices are shown as 102 and 103. Here, the signal carried over RF path 102 is 
sufficient to maintain hi^ speed data packet conununications. Path 103 however^ 
attenuates the signals intended for client device lOS to a point where litde or no data 
packets are received in either direction. 

Figure 2 Description: 

Wide area coimection 101 is connected to wireless gateway (Access point) 100. 100 
sends RF signals to the client devices 104 and 105. In the preferred embodiment, these 
RF signals are IEEE 802.11 packets. In other embodiments they could be Bluetooth, 
Hyperlan, or other wireless communication protocols. Two propagation patiis to each of 
the client devices are shown as 102 and 103. Here, the signal carried over RF path 102 is 
sufficient to maintain high speed data packet communications. Path 103 however, 
attenuates the signals intended for client device 105 to a point where little or no data 
packets are received in either direction. 

To enhance the coverage and/or conununication data rate to client device 105, a wireless 
repeater 200 is utilized It performs this fimction by receiving die packets transmitted on 
a first frequency channel 201 fi^om the AP 100. It detects the presence of a packet and 
then it is configured to receive the {lacket firom the first frequency channel 201 and re- 
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transmit it with more power on a second frequency chaonel 202. Next, the client device 
105, will operate on Ae second frequency chamiel, as if the AP 100 were operating on it 
as well. This may be performed with no knowledge tiiat Ae AP 100 is really operating 
on the first frequency channel. To perform the return packed opemtion, the repeater unit 
200 will detect the presence of a transmitted packed on the second frequency channel 202 
from the client device 105, and will be configured to receive the signals on the second 
frequency channel 202, and retransmit them on the fii^ frequency channel 201. Next, 
they will be received on the first frequency channel 201 by die AP 100. fri this vmy, the 
repeater may receive and..transmit signal at the same time and extent the coverage and 
performance of the AP to client connection as well a during peer-to-peer networks from 
client device to anotiier client device. When the are ms^ units that are isolated form one 
another, this repeater unit will act as a wireless bridge allowing two different groups of 
units to communicate, where RF propagation and coverage does not previously allows to. 

Figure 3 Description 

In the preferred embodiment the wireless repeater shown in Figure 3 is capable of 
receiving two different frequencies simultaneously, determining which one is present, 
translating the fiequency of the one tfiat is present to the other frequency and 
retransmitting a frequency translated version of the received signaL Key features of the 
device are its ability receive a signal and translate the finequCTcy of die received signal 
with very little distortion of the signal. This is made possible by properly controlling the 
^n of tiie transceiver via a fast and accurate Automatic Gain Control (AGC) circuit 

The preferred embodiment of the repeater AGC is comprised of two Logarithmic 
Amplifiers 301 & 302, two AGC control circuits 303 & 304, two gain control elements 
(variable gain or variable attenuators) 305 & 306, and four analog storage devices (delay 
lines and/or band pass filters) 307 through 310 Additionally part of a possible detection 
circuit consist of two low pass filters 311 & 312, two Analog to Digital Converters 
(ADC) 313 & 314, and a microprocessor 315. 

Because the repeater must be able to simultaneously detect and process two different 
frequency the received signals are split into two different RF i^ths by RF Splitter 316. 
Likewise, because the two different frequency paths must be delayed and control 
separately they are again split by two IF Splitters 317 and 318. The outputs from the IF 
Splitters go to the two LogAmps 301 & 302 or the gain control elements 305 & 306. 

301 & 302 provide an accurate voltage at their output that is proportional to the 
Logarithm of the input signal. These amplifiers essentially track the envelop of the input 
waveform. The output of the LogAmps is feed to AGC control circuits 303 & 304. 
These control circuits ijrovide filtering of Ae analog voltage at the output of Ae 
LogAmps as well as any necessary DC of&et adjustment, AGC set point reference and 
control, level shifting^scaling, and any required polarity reversal. The output of the AGC 
control circuits are feed to the gain control elements 305 & 306. These elements provide 
either adjustable gain or adjustable attenuation of the signal based on the desired 
transmitter output power. 
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AS a example, if a vaHaHe .«c».«,r i,b=iogus«.tor*e8*.<x»«oi*«e«.a^*c 

foUowing conditions exist: 

• Desired Output PoAver I5(ffim 

• Received Signal Power 

• Total Transceiver Losses 65dB 

• Total Transceiver Gains 165dB 

Then the Variable Attenuator should be set to: 
Attenuations = 5dB 
calculation previously show to denve fte proper voltage. 

A .ey element in the sequencing of the ^-^J^J^^^f ?^X^Zt 
Lo^p is split to two different circmts. wiA PO^n^g ^^J^ the other path 
g<«s to the^AGC con^ol «-^nta^^rt 6^^^ ^ 

goes to two low pass jj^; toSI^ As an example, if it were 

Ae signal detection a^,^*^^^.*?^^ to rSt ver/ quickly to the incoming power 
desired Ae AGO control loop could be srt to r^rt v^ ^ithis case shown as ADC 313 

envelop while the ^ig^^l fJ^B^l^/^SS^to^r^ mean that the signal 

& 314 and a processor ^15, to be m^to «a^ stow^ ^ 

K^-^tt^rrr^Sf^^^ * 313 may be set to respond slower 

but with more detection process gain. 

SAW filters 307 through 310. ^l^J^^^^l^ This means that by the tune the 
S^i^asSiil the sctttog of tto giun coaiol. 

detector configurations. These are oudme m tne Kxy Ana b 
Protect section that fbUows this section. 
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Key Analog Gain Control (AGO Concepts to Protect 

« AGO techniques utilizing delays to allow analog storage of received ivaveform 
while signal detection and transmitter configuration takes place 

o Utilizing Surface Acoustic Wave (SAW) filters as delays to enable both 
analog signal storage and channel selections and jammer suppression 

• AGO Set points based on which channel the signal is received on and which 
channel is selected for signal retransmission 

o Where the set points are based on meeting FCC specification for fliat band 
• Spectral re-growth 
■ EBRP 

o Set points are based upon the fact that during signal retransmission if the 
selected transmit fiequency is father away in the frequency then more 
filtering may be applied to the leakage signal coming back into the 
receiver thereby en^ling more transmit power before significant self 
interference occurs 

o Pick repeating channel based on the ability to transmit more power in 
different FCC bands or other regulatory bodies. As an example in the U- 
Nn bands for the USA the maximum allow transmit power for CH36-48 is 
50mW, for CH52-64 is 250mW. and for CH 149 - 161 is IW. Therefore 
it is possible to receive a signal in one of tiie lower power bands and pick a 
different band that allows tu^er transmit power thereby allow a higher 
AGC set point 

• AGC on detector path, but apply the actual gain control on IF path. Referring to 
Figure 3 notice that the outputs fiom the Log Amplifiers are feed to AGC control 
circuits that are adjusting either Variable Gain or Attenuation Control elements 
that are part of the IF path that will be used for signal retransmission. 

o Different detection and AGC filter bandvvidths. This could be necessary 
because it mig^t be required to have the AGC control of the Variable 
control elements to have a faster or slower response than the output of the 
filters after the Log Amplifiers. 

• AGC calibration which may include one or more of the following regional 
regulatory rules, fi^equency channel^ received power level, transmit power level, 
temperature, etc. Having a microprocessor to: . 

o Store calibration tables 

o Pass specific calibration values to the AGC control process or circuits 
o Utilize a digital to analog conversion process to control the set point 

• Threshold comparator techniques 

o Analog only 

o Digital and analog 

■ Analog AGC ccmlrol w/digital override 

• Analog Loop with Digital Turn off control 

• Direct Digital gain settings 

« Digital Set point with analog control 
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Figure 3 PetaUed Block Diagram of WLAN Repeater 
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